, and shown it to be a function of temperature [3--61, stress [6,7] , and trace elements [4] . Larere, et al. 1281 to obey the following relationship: (2) where:
CEband Ci are the intergranular and bulk S concentrations;
d is the intergranular width; D is the diffusivity; and t is time.
Using their reported value of:
and calculating D at a maximum heating temperature of 1450K (2150OF) 
Since we have measured that liquid sweeps out an intergranular width of 10pm at 123O"C, then it would take sulfur about 13 seconds to escape Sum on either side of the grain boundary (using an x = 6 relationship). Although this time is for a dilute Ni-S solution, it is clear that sulfur would not escape the liquid phase formation given our thermal cycle of about two seconds to heat to full liquation.
This type of exercise suggests that much of the chemistry of the grain boundary region will be trapped in the liquating liquid.
A primary effect on TScgb) is expected from the chemical composition of the final solidification phases, notably involving a Laves (A2B) phase (where B is primarily Nb). It was shown 1371 that the eutectic temperature as-cast, 1093C (1 hour) plus 6fO"C (1 hour), 1093°C (1 hour) Note that liquid produced in the lower carbon alloy completely resolidifies before the higher carbon alloy [42] . Hot cracking as a function of sulfur content for the as--cast condition is shown in Fig. 9 . A series of heat treatments were also used to vary the hot cracking susceptibility and possibly the intergranular impurity concentration.
Hot cracking as a function of sulfur concentration for various heat treatments is also shown in Fig. 9 .
It is evident from Fig. 9 that the bulk sulfur content had some effect on hot cracking susceptibility both in the as-cast and heat treated (1090°C) condition. Various heat treatments given to the 90 ppm sulfur alloy also affected the hot cracking susceptibility of the alloy.
The change in hot cracking with heat treatment could not be correlated to the volume fraction of carbide and/or Laves phases. A correlation with intergranular segregation would be desirable but the grain boundaries could not be exposed by hydrogen changing techniques for a study of grain boundary impurities.
An alternate, but less desirable technique of studying free surface segregation as a function of temperature was used to garner some information on the surface activity of impurities during heat treatment [41] . Tables II(a)  and  II(b) show the free surface segregation of several elements of interest.
It is seen that some carbon had absorbed onto the freshly cleaned surface (room temperature, time--O) from the vacuum system but nothing else other than the standard alloying elements (Ni, Cr, Fe) was present.
When the sample was heated to lOQO"C, sulfur strongly segregated to the surface, i.e., the sulfur peak was 1.5 times as high as the nickel peak. Titanium also showed some surface segregation. The influx of these elements was so strong that the surface segregation increased 33% upon cooling from 1093°C to 650°C [ 
The two important attributes of the above equation relative to Fig. 9 and Table II 
